Introduction
Re n a l b i o p s y i s c o m m o n l y p e r f o r m e d s i n c e histopathologic examination remains the keystone of diagnosis for most renal parenchymal diseases and allows optimization of the therapeutic strategy. [1] [2] [3] [4] Percutaneous renal biopsy, typically performed under computed tomographic or ultrasonographic (USG) guidance, remains the preferred method for obtaining renal tissue. However, it entails significant risk in patients with coagulopathy, thrombocytopenia, a single functioning kidney, or small kidneys, and Indian Journal of Nephrology Volume 27 / Issue 2 / March-April 2017 with the feasibility of TJRB. Since then several reports have described the success of TJRB. [7] [8] [9] During TJRB, the needle is directed away from larger vessels, and in theory, any bleeding will bleed back into the vein unless arterial puncture or a significant capsular perforation or collecting system puncture occurs. Due to its technically demanding nature, TJRB has not gained widespread popularity. We hereby describe our experience and technique of TJRB with the objective of evaluating its safety and efficacy.
Subjects and Methods

Patients
Nine patients with bleeding diathesis in the form of thrombocytopenia and/or deranged International Normalized Ratio (INR) with or without ascites underwent transjugular renal biopsies using TJRB set.
Technique
The procedures were performed in the interventional radiology suite with utilization of intravenous analgesia. Patency of the internal jugular veins (IJVs) was assessed with the patient in the supine position using ultrasound. The right IJV was preferred due to its straight course to the inferior vena cava (IVC). Under USG or fluoroscopic guidance, local anesthetic was administered subcutaneously, and the IJV was punctured with an 18-gauge needle with an anterior approach above the thyroid cartilage inside the sternal head of the sternocleidomastoid muscle. A 7-or 9-F venous sheath was inserted over a short 0.035 inch guide wire into the vein.
The catheter with a 0.035 inch Glide (Terumo) was advanced into the IVC under fluoroscopic control. Renal venograms were obtained. The catheter was then advanced into the right renal vein. The TJRB needle, filled with normal saline solution and attached to a 20 mL luer lock syringe, was advanced down the catheter. All biopsies were performed using TJRB set (renal access and biopsy set, Cook; needle 19 gauge, 70 cm with 20 mm needle throw) [ Figure 1 ]. A second pass was possible without retrieving the needle after checking the position of the catheter, which was advanced over the needle during the first pass. About 4-5 needle passes were performed per patient, and an average of 3 cores were obtained in each patient. Patients' renal tissue samples were assessed by a pathologist for adequacy.
All patients returned to the ward for routine 24-h bed rest and hemodynamic observation, which took place every 15 min for the first 2 h, then half-hourly for 4 h, and then hourly. Follow-up was done with USG scan 3 h after the procedure and on day 3 [ Figure 2 ].
Tissue adequacy
The number of needle passes and cores obtained per procedure were ascertained. The tissue cores were considered adequate when a sufficient number of intact glomeruli were present to make a pathological diagnosis. 
Results
There were 8 males and 1 female, with a mean age of 41.5 ± 15.4 years. The medical reasons for renal biopsy and the clinical parameters for nine patients are summarized in Table 1 . These included patients with recent deterioration in renal function, patients with multiple comorbidities investigated for chronic renal failure, and new presentations of nephrotic syndrome or significant proteinuria. All patients were referred by nephrologists who requested renal biopsy specifically via the transjugular route, due to relative contraindications to percutaneous biopsy. Six of the nine patients (66.67%) had a platelet count of <50,000/mcL, 2 (33.3%) had an elevated INR of more than 1.4, and 1 had both.
The right IJV access was achieved in all the nine patients, and biopsy specimens were obtained from the right kidney in all cases. A total of 3.2 ± 0.4 cores was obtained, with median (range) number of glomeruli being 10 (7-11) at light microscopy. Adequate renal tissue was obtained in all the patients as confirmed by the pathologists. The mean duration of the procedure was 50 min (range, 30-120 min) including the time for transferring the patient to and from the couch in the interventional radiology room. The amount of contrast material used to verify location before biopsy was 11.8 ± 2.3 ml. Table 2 summarizes the results of TJRB in our series.
Complications
Although capsular perforation was a consequence in 5 out of 9 patients, none of them had major complication requiring management (either endovascular treatment or blood transfusion).
Discussion
Percutaneous renal biopsy is a commonly performed safe procedure, with an excellent yield, ranging from 95.5% to 98.8% in the published literature, [10] [11] [12] and it is the routine method of acquiring renal tissue in patients. The main risk is bleeding due to the high vascularity of the kidneys. Since the diseased kidneys are often small with cortical thinning, the tamponade effect may be minimal. In addition, early clinical detection of retroperitoneal hemorrhage is difficult. In patients in whom a percutaneous biopsy is contraindicated, when the pathological diagnosis alters clinical management, TJRB provides an alternative approach. Though the procedure is utilized commonly in the Western world with published data showing its safety and efficacy using both the aspiration [7, 10, 13, 14] and the core biopsy [15] [16] [17] [18] [19] Patients were referred to us for TJRB with varying degrees of renal impairment, proteinuria, and/or hematuria as illustrated in Table 1 . Many of them had significant comorbidities, necessitating a biopsy to decide on the optimal clinical management. All patients had bleeding diathesis (thrombocytopenia and/or coagulopathy) which contraindicated percutaneous biopsy. Other recognized indications for a TJRB include a single functioning kidney, horseshoe kidney, end-stage renal disease or small kidneys, and patients' inability to lie in the prone position such as those with a particularly high BMI, uncooperative patients, patients in Intensive Care Unit with respiratory assistance, and patients with voluminous ascites. [20] In patients with acute renal failure requiring hemodialysis, TJRB can be usefully combined with central venous dialysis catheter placement. [20] Concomitant TJRB can be performed in conjunction with transjugular liver biopsy in patients undergoing assessment for potential liver transplantation, to differentiate between hepatorenal syndrome and other renal lesions that may progress. [21] [22] [23] A lower pole renal vein is preferred for biopsy due to optimal angle for cannulation. Performing the biopsy peripherally also reduces the chances of damaging a large vessel. The low venous pressure and direction of venous flow also reduce the incidence of severe hemorrhage, unless inadvertent arterial puncture occurs. TJRB may be performed using an aspiration needle or core biopsy system. A diagnostic yield of 73-95% and major complication rate of 1-18% [7, 9, 10, 13] have been reported using the aspiration needle, compared with the yields of 89-96.5% and major complications of 2.7-27% with the core biopsy needle. [15] [16] [17] [18] Diagnosis is dependent on adequate cortical sampling, providing a sufficient number of glomeruli. The median number of glomeruli per patient of ten for light microscopy in our series is comparable to the 9.8-10.8 in the aspiration series [7, 10, 13, 14] and 9-9.8 reported in the core biopsy series. [16, 18] The samples were adequate for pathological diagnosis in all patients.
Like most interventional procedures, the number of biopsy attempts is largely dependent on the favorability of the anatomy and operator experience. At our institution, the procedure is performed by an interventional radiologist. The average number of needle passes in our series was 5.3, which is comparable to those of 4-5.5 in other studies. [16, 17] The mean number of core specimens of 3 ± 1 is also comparable to those in the literature. [16, 18] In the published series using the core biopsy system, [15] [16] [17] [18] there was no mention of a limit to the number of needle passes. In two published series using the aspiration technique, the number of passes was limited to a maximum of 3 and 8, respectively, depending on the patients' risk factors. [7, 10] However, increasing the number of biopsies does not necessarily increase the tissue yield, as cortical tissue (in entirety or mixed with medulla or fat) is more likely to be obtained following the first and second needle passes. The yield deteriorates significantly with subsequent needle passes. [24] This suggests that the first needle pass is the most important and that subsequent biopsies may yield fragmented or crushed specimens, making accurate diagnosis more difficult. Therefore, in patients with bleeding diathesis, perhaps, it is reasonable to restrict the number of passes to three attempts. Moreover, it has been shown that six or more needle passes have a higher incidence of capsular perforation compared to five or fewer passes. [19] The association between capsular perforation and TJRB is well recognized and this has not been considered a complication per se. [10, 11] Of the nine TJRB procedures in our series, five (55.56%) were associated with capsular perforation. None had any clinical sequelae or required blood transfusion. Capsular or subcapsular perforation should theoretically indicate that the biopsy included cortex and was likely to allow a diagnosis to be made. Elective coil embolization of the biopsy track was performed in five of the early cases of isolated capsular perforation by See et al. [24] However, isolated capsular/ subcapsular extravasation is mainly subclinical, and elective embolization of the biopsy track is probably not indicated in the majority of cases, unless the patient is hemodynamically unstable. There is no published evidence on the benefit of elective embolization of the biopsy track following capsular perforation.
Collecting system puncture at the time of TJRB was not noted in any patient in our series but occurred in five cases, with or without concurrent pericapsular extravasation in the study by See et al. where in a further four cases, subsequent macrohematuria implied that the collecting system was breached. [24] The reported rates of major complications (which included the need for postprocedure blood transfusion) using the aspiration biopsy techniques range from 1% to 18%, [7, 10, 13, 14] compared with 2.7-27% for the core biopsy system. [15] [16] [17] [18] In our series, there were no major complications. Contrast-induced renal failure is a concern, given that many patients already have some degree of renal impairment. However, only a small volume of contrast medium (15-30 ml) is usually required, and this is unlikely to be of significance.
Routine postprocedure ultrasonography has not been recommended, [19] but in our series all patients underwent ultrasonography 3 h after the procedure and on day 3. Persistent severe loin pain, frank hematuria, and clot retention will necessitate sonography. Other potential but rare complications of the transjugular route include arrhythmias, pneumothorax, and hemothorax.
Our initial experience with TJRB is similar or better than in prior reports with regard to both diagnostic yield and complication rates. [10] This difference may be related to the small sample size. The best tissue yields are obtained with the first two needle passes. In patients with a bleeding diathesis, it seems prudent to limit the number of needle passes to no more than three. 
Conclusion
TJRB is a safe procedure in patients with contraindications to percutaneous biopsy and is associated with only a low risk of major complications.
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